Binding of a mitochondrial presequence to natural and artificial membranes: role of surface potential.
The binding of a synthetic mitochondrial presequence to large, negatively charged, unilamellar vesicles and to unenergized yeast mitochondria has been measured. The presequence, which corresponds to the amino-terminal 25 residues of the yeast cytochrome oxidase subunit IV precursor, was labeled with a fluorescent probe and used to examine the importance of the surface potentials of membranes on the interactions with the presequence. Binding of the fluorescent presequence to the membranes was determined by measuring a decrease in the fluorescence emission of the bound presequence. Binding both to the vesicles and to the mitochondria could be described as a simple partitioning of the presequence between the aqueous and lipid phases. The partitioning was found to depend on the ionic strength of the medium, and the Gouy-Chapman theory could be used to describe the partitioning at various ionic strengths. Application of the theory allowed the determination of an apparent charge on the presequence (+2.31 +/- 0.25), salt-independent apparent partition coefficients for vesicles (99 +/- 84 M-1) and for unenergized mitochondria (14.5 +/- 3.6 L g-1), and an estimated charge density for the mitochondrial outer membrane (-0.0124 +/- 0.0016 C m-2). This study shows that electrostatic effects are significant for the binding of a mitochondrial presequence both to lipid vesicles and to mitochondria, the natural target membrane of the presequence. The accumulation of positively charged presequences at the negative mitochondrial surface and the subsequent partitioning of the presequences directly into the mitochondrial outer membrane probably represent early steps in the translocation of precursor proteins into mitochondria.